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Abstract 


The present work was designed to reveal the fine structure of the pigment epithelium of 
the retina in four different reptiles: the homed viper Cerastes cerastes (diurnal and nocturnal), 
the European Chameleo chameleon (diurnal),the gold skink Eumeces schenrdii (diurnal) and the 
Egyptian gecko Traentola annularis (nocturnal) . The pigment epithelium of each type reptiles 
possessed certain unique features in their morphology and ultrastructure to accommodate with 
their day and night activity. The most striking feature was the presence of myoid bodies in the 
pigment epithelium of the diurnal reptiles. These bodies trigger the photomechanical movement 


(Eumeces schenrdii)nd Egyptian gecko 
(Tarentola annularis) were used. All anim- 
als under investigation were collected from 
Abou-Rawash district ,Giza Governarate, in 
Egypt. 

Animals were sacrificed and the 
whole eye of each animal was quickly 
removed. The whole eye was then placed in 
5% glutraldehyde, buffered to pH 7.3 at 4°C 
after one hour a circular cut was made 
parallel to the corneal margin with a sharp 
razor blade. This caused the division of the 
eye into two portions. The posterior 
portion, containing the retina, was cut into 
small pieces, about 1 mmeach .The 
samples were placed in fresh 5% cold 
glutraldehyde and fixation was continued 
for five hours. Samples were then washed 
in two changes of cold phosphate buffer, 
pH 7.3,for 1 hour. The specimens were then 
post-fixed for 1-2 hours in buffered 1% 
osmium tetraoxide. They were washed 
twice for 15 minutes, in phosphate buffer, 
pH 7.3,then dehydrated in ascending grades 
of ethanol to propylene oxide and 
embedded in Araldite each. 

Semithin sections of 0.7m thickness 
were cut with glass knives on the 6000 MT 
RMC  ultratome. Stained with 0.25% 
toludine blue (Davis,1971).and examined 
by light microscopy. Thin sections (600- 
700° A ) were then cut and collected on 
copper grids. These sections were stained 


of the myoid region in cones of their retinae. 


Introduction 

The visual system of vertebrates and 
many higher invertebrates has evolved to 
provide a detailed picture of the surrou- 
nding environment (Bowmaker, 1991). 
Retina is the light sensitive part of the eyes 
. It is located near the eye, corresponding to 
the film of the camera (Villee et al. 
,1989).The retinal pigment epithelium 
(RPE) is the outer most (scleral) layer of 
the retina. It has several processes which 
accommodate with the proper function of 
the photoreceptors and ultimately to vision 
itself (Braekevelt and Richardson 1996). 
The melanin granules of the pigment 
epithelium act as photo pigment involved in 
protecting the retina from sudden bright 
junctions, directly with the iris muscles 
(Moyer,1969). As a consequence of these 
several important functions, these region of 
the vertebrate retina has been investigated 
in a variety of animals and with variety of 
techniques. Morphological studies have 
shown as remarkable similarity throughout 
vertebrate species but with phylogenetic 
differences usually present (Nguyen- 
Legros, 1978;Kuwabara, 1979 ,Braekevelt, 
1980, 1986, 1988,1992,1993 and 1994). 


Materials And Methods 

In the present work, four adult 
Egyptian reptiles, the homed  viper 
(Cerastes cerastes), European Chameleon 
(Chameleo chameleon),gold skink 
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possess a high electron dense appearance 
(Figs.2&3).The Golgi complexes are often 
scattered within the cells (Fig. 4). 
II.Chameleo chameleon 

The retinal pigment epithelium in the 
Chameleo chameleon retina is a single layer 
of cuboidal cells with basal membranous 
enfolding ,Several processes from their free 
surface extend in between the photore- 
ceptors with their characteristic large 
number of melanosomes (Fig. 1.b).Outer 
segments (Figs.7&9).Laterally the cell 
borders of the retinal pigment epithelium 
RPE cells are relatively smooth and are 
joined together by a series of basally 
located tight junctions.(Figs.8&9). 

Internally the retinal epithelial cells 
displays a single elongated vesicular 
nucleus located in the mid region of the 
cell(Figs.7&8).The smooth endoplasmic 
reticulum with the exception of the basal 
enfolding is distributed throughout the 
cytoplasm of these cells (Figs.6&9). 

Mitochondria are numerous within the 
retinal epithelial cells and are mainly 
located in the basal region of the cell 
adjacent to the basal enfolding. These 
mitochondria are quite variable in shape 
(Fig.6&9). 

Myoid bodies, which are formed of 
the stacked array of smooth membranes and 
are present in the retinal epithelial cells in 
large numbers and of various shapes(Fig.9) 
The melanosomes within the retina of 
pigment epithelium cells are almost 
exclusively located within the apical 
processes of these cells. They are small and 
round to oval in shape (Figs.7 , 8 & 9). 

Bruch's membrane separates the retina 
from the adjacent choriocapillaries of the 
choroids(Fig.6).This membranous structure 
is a pentalaminate structure consisting of 
1)The basal lamina of the RPE cells,2)The 
basal lamina of the choriocapillaries, 3)a 
discontinuous elastic layer (lamina densa) , 
4)An outer and 5)an inner collaginous layer 
(Figs.6&8). 

III . Eumeces schendrii 

The pigment epithelial layer appears 
as a single layer of cells. The epithelial 
layer is based on a prominent basal lamina 
underlined by the Bruch's membrane .The 
later membrane consists of a thick conti- 
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with uranyl acetate and lead citrate and 
examined photographed in a JEOL 1200 
EXIL transmission electron microscope. 


Results 

Light microscopic examination of 
semithin sections of the retinae of all the 
four studied reptiles revealed, the presence 
of ten-well defined layers. These layers are 
arranged as:pigment epithelium, photore- 
ceptor layer, outer limiting membrane, 
outer nuclear layer, outer plexiform layer, 
inner nuclear layer, inner plexiform layer, 
ganglionic-cell layer, optic nerve fiber layer 
and inner limiting membrane(Figs.1a,b,c 
and d). 

I.Cerastes cerastes 

The retinal pigment epithelium 
formed of a single layer of cuboidal cells 
which have several processes that extend in 
between the photoreceptors. These proce- 
sses contain a large number of pigments or 
melanosomes (Fig.1a ) 

At the electron microscopy level ,the 
retinal pigment epithelium consists of a 
single layer of cuboidal cells which are 
laterally adhered by a series of tight 
junctions. 

These junctions are located near the 
base and mid region of the epithelial cells 
(Fig.2).Numerous processes extend from 
these cells to separate and lie in between 
the photoreceptor outer segments (Figs. 
2&3). 

Each of the retinal pigment epithelial 
cells has a large vesicular nucleus 
occupying a central position, and has a 
single nucleolus(Figs.2 &3).Mitochondria 
are round to oval in shape (Figs.3&4).The 
smooth endoplasmic reticulum is the most 
abundant cell organelle and is distributed 
throughout the pigment epithelial cells 
(Figs.2,3 8&4). 

Lipid droplets are common features of 
the retinal pigment epithelial cells of 
Cerastes cerastes .Large lipid droplets were 
seen occupying the basal region of these 
cells (Figs.2&5). Melanosomes are present 
through out the retinal epithelial cells, and 
are predominantly located in the apical 
region of these cells .These melanosomes 
are small and round to spindle shaped and 
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The smooth endoplasmic reticulum, 
with the exception of the basal enfolding, is 
distributed throughout the cytoplasm of 
these cells(Fig.13).Mitochondria are numer- 
ous within the retinal epithelial cells and are 
mainly located in the basal region of these 
cells. These mitochondria are quite variable 
in shape.(Figs.13& 14). 

Phagosomes are abundant (Figs.13 & 
14).lipid droplets and lysosomes-like bodies 
were also common in these cells (Fig.12). 
Melanosomes were present throughout the 
retinal epithelial cells „predominantly 
located in their apical regions(Figs.12&14). 

The melanosomes were small, 
rounded or spindle-shaped and extremely 
electron dense, the arrangement of these 
melanosmes appears quite disorganized in 
the cells (Fig.12),whereas in the apical 
processes the melanosomes are aligned with 
the long axis of both the photoreceptor 
outer segment and the apical processes 
(Fig.15) 


Explanation Of Figures 

Fig.1.a. A semithin section of the retina of 
Cerastes cerastes (toluidine blue stain) 
showing the following layers: 

1. Retinal pigment epithelium, with 
several melanosomes (Me). 

2. Photoreceptor layer with large 
single cones (Lsc),small single 
cones (ssc) and rods (R). 

3. Outer limiting membrane (arrow 


heads). 
4. Outer nuclear layer. 
5. Outer plexiform layer with 


photoreceptor fibers (Pf). 

6. Inner nuclear layer, consisting of hori- 
zontal cells (hc),bipolar cells (bc), 
Muller cells(Mu) and amacrine cells 


(ac). 


7. Inner plexiform layer. 

8. Ganglionic cells layer. 

9. Nerve fiber layer. 

10. Inner limiting membrane (arrow 
heads). 

a- Bar = 1.33um 


b- Schematic drawing of the retina of 
Cerastes cerastes. 

Fig.1.b: A semithin section of the retina of 
Chameleo chameleon, showing the 
following layers: 


nuous layer of elastic tissue (Figs.1c,10 
&11).Electron micrographs revealed that 
the pigment epithelium consists of a single 
layer of cuboidal cells joined laterally by a 
series of tight junctions (figs. 10 & 11).The 
lateral cell junctions are located near the 
base and the mid-region of the epithelial 
cell(Fig.10).The base of the cells have 
deeply  infolded membranes  (fig.11). 
Apically, numerous cytoplasmic processes 
extend from the epithelial cell body to 
enclose and separate the photoreceptor 
outer segments (Fig.11). Internally, the 
retinal pigment epithelial cells display large 
and vesicular nuclei. These nuclei occupy a 
central or a basal position. (Fig.10). 
Mitochondria are small and numerous and 
vary in shape from rounded to elongated 
and are mostly basally located(Fig.11). 

The smooth endoplasmic reticulum is 
the most abundant cell constituent, which is 
distributed throughout the epithelial cells, 
except in the basal enfolding(Fig.11). 

Lipid droplets and  lysosome-like 
bodies are also a common feature of the 
retinal pigment epithelium cells (Fig.10). 
Myoid bodies are frequently located within 
the cytoplasm of the retinal pigment 
epithelium. These structures appear as a 
compact stakes of membranes (Fig.10). 
Although melanosomes are randomly distri- 
buted throughout the cytoplasm ,yet they 
are predominantly located in the apical reg- 
ion of the epithelial cells, These melanos- 
omes are small ,rounded or spindle shaped 
and extremely electron dense(Figs.10& 11). 
IV.Tarentola annularis 

The retinal pigment epithelium layer 
in Tarentola annularis is a single layer of 
polyhydral cells which has basal 
membranous enfolding .Several processes 
from their inner free surface extend in 
between photoreceptor with their charact- 
eristic large number of melanosomes. These 
processes interdigitate in between their 
photoreceptor outer segment ( Figs. 1d, 12, 
13 &15 ). 

Laterally ,the cell border are relatively 
smooth and are joined together by a series 
of basally located tight junction (Fig. 12).the 
retinal epithelial cells displayed a slightly 
rounded nucleus located in the basal region 
of each cell(Fig.14). 
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b-Schematic drawing of the retina of 
Eumeces Schendrii. 


Fig.1.d.A semithin section of the retina of 


Tarentola | annularis showing the 
following layers: 

Retinal pigment epithelium with 
several melanosomes containing 
processes interdigitating with the 
photoreceptor cells. 

Photoreceptor layer; with double rod 
consists of a principle rod (PR) and an 
accessory rod (AR). All types of 
photoreceptors have long outer 
segment (os). 


Outer limiting membrane (arrow 
heads). 

Outer nuclear layer containing nuclei 
of photoreceptors. 

Outer plexiform layer with 


photoreceptor fibers (pf) and bipolar 
cells (bc) similar to those of the inner 
nuclear layer, 

Inner nuclear layer composed of 
horizontal cells (hc), bipolar cells (bc), 
Muller cells (Mu) and amacrine cells. 
a- Bar = 1.33 um 

b-Schematic drawing of the retina of 
Tarentola annularis. 


Fig.2 ‘Electron micrograph of the retinal 


pigment of an epithelial cell of Cerastes 
cerastes, With their characteristic roun- 
ded nuclei (N) and prominent nucleoli 
(nu),cell junction between adjacent 
cells , abundant smooth endoplasmic 
reticulum (SER), large highly electron 
dense lipid droplet (L) and cytoplasmic 
processes studded with large number of 
variable shaped melanosomes (Me). 
This layer is boarded, externally ,with 
the Bruch's membrane (B) and interdi- 
gitated, internally, with photoreceptor 
outer segments (os). X 7500 


Fig.3: Electron micrograph of the retinal 


pigment of an epithelial cell of 
Cerastes cerastes showing basally 
located euchromatic nucleus (N) with 
prominent nucleolus — (nu),numerous 
rounded  mitochondria(mi),abundance 
of smooth endoplasmic reticulum 
(SER).Several cytoplasmic processes 
are studded with large number of 
variable shaped melanosomes (Me). 
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1. 


1. Retinal pigment epithelium, with 
several processes extending into the 
photore-ceptor layer and containing 
large number of melanosomes (Me). 

2. Photoreceptor layer with double 
cone (DC) and single cone 
(SC).Each double cone consists of 
a principle cone (PC) and an 
accessory cone (AC). 

3. Outer limiting membrane (arrow 
heads). 

4. Outer nuclear layer ,containing 
the nuclei of the photoreceptor 
cells. 

5. Outer plexiform layer with photorec- 
eptor fiber (pf). 

6. Inner nuclear layer comprising horizo- 
ntal cells (hc),bipolar cells (bc),Muller 
cells (Mu) and amacrine cells (ac). 

7. Inner plexiform layer,represented by 
the processes of amacrine, Muller, 
ganglion and bipolar axons. 

8. Ganglion cells layer, represented by 
the ganglion cells with their 
characteristic large nuclei. 

9. Nerve fiber layer. 

10. Inner limiting membrane. 

a- Bar=1.33um 
b- Schematic drawing of the retina of 
Chameleo chameleon. 

Fig.1.c A semithin section of the retina of 
Eumeces  schnedrii, showing the 
following layers: 

1. Retinal pigment epithelium with 
melanosomes (Me). 

2. Photoreceptors layer with single cones 
(SC) and rod (R). 

3. Outer limiting membrane (arrow 
heads). 

4. Outer nuclear layer. 

5. Outer plexiform layer. 

6. Inner nuclear layer, comprising horizo- 
ntal cells (hc),bipolar cells (bc), Muller 
cells (Mu) and amacrine cells (ac). 

7. Inner plexiform layer. 

8. Ganglion cells layer with ganglion 
cells (G) and between them astrocyte 
cell (as). 

9. Nerve fiber layer with astrocyte (as). 

10. Inner limiting membrane (arrow 
heads). 

a- Bar = 1.33 um 
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processes intermingle with photore- 
ceptors of both single cones (SC) and 
rods (R)In the apical region the 
epithelial cells are limited by Bruch's 
membrane(B) . X 9000 


Fig.11:Electron micrograph of the retinal 


pigment of epithelial cells of Eumeces 
schendrii showing aggregation of 
myoid bodies (My), numerous mitocho- 
ndria (mi),smooth endoplasmic reticu- 
lum (SER),cell junction (J),basal infol- 
dings (BI) and melanosomes (Me) 
between the outer segment (os) of 
photoreceptors. X 12000 


Fig.12:Electron micrograph of the retinal 


pigment epithelial cells of Eumeces 
schendrii showing a basally located 
nucleus (N),large lipid droplet (L) 
Jyosomes(Ly) ,cells junction (J) and 
cytoplasmic processes studded with 
large number of variable shaped 
melanosomes (Me).This layer is limited 
„externally by Bruch membrane 

(B). X 22500 


Fig.13:Electron micrograph of the retinal 


pigment of epithelial cells of Eumeces 
schendrii showing a basally located 
lipid droplet (L), numerous rounded to 
elongated mitochondria (mi),abundance 
of smooth endoplasmic reticulum 
(SER) and a large phagosomes (ph). 
Notice the external association thin 
layer with Bruch's membrane(B) and 
the interdigitation of its processes with 
the outer segments (os) of the 
photoreceptors(os). X 18000 


Fig.14:Electron micrograph of the retinal 


pigment epithelial cells of Tarentola 
annularis showing a basally located 
polyhedral nucleus(N) with peripheral 
and dispersed patches of heteroch- 
romatin, prominent nucleolus (nu), 
phagosomes (ph), melanosomes and the 
outer Bruch's membrane (B). X 18000 


Fig.15:Electron micrograph of  photore- 


ceptor layer of Tarentola annularis 
showing the outer segment (os) and the 
condensed inner segments (Is) of rods. 
The apical processes (Ap) of retinal 
pigment epithelial cells, with their 
characteristic melanosomes are located 
between the outer segments of 
photoreceptors. X 4500 


This layer is externally covered by 
Bruch's membrane (B). X 15000 
Fig.4 Electron micrograph of the retinal 
pigment epithelial cells of Cerastes 
cerastes showing a prominent Golgi 
apparatus (Ga),mitochondria (mi) with 
prominent  cristae,abundant smooth 
endoplasmic reticulum (SER) and a 
part of the nucleus (N). X 36000 
Fig.5:Electron micrograph of the retinal 
pigment of epithelial cells of Cerastes 
cerastes showing a large highly 
electron dense lipid droplet(L) and a 
part of the nuclea (N). X 36000 
Fig.6:Electron micrograph of the retinal 
pigment of epithelial cells of Chameleo 
chameleon showing several basally- 
located polymorphic mitochondria (mi) 
at the basal enfolding (BD of the retinal 
pigment epithelium which is separated 
by the Bruch's membrane (B).X 22500 
Fig.7:Electron micrograph of the retinal 
pigment of epithelial cells of Chameleo 
chameleon in association with deeply 
embedded outer segments (os) of 
photoreceptor .The retinal pigment 
contains a basal nucleus (N) and several 
number of round to spindle shape 
melanosomes (Me). X 15000 
Fig.8:Low power electron micrograph of 
the retinal pigment of epithelial cell of 
Chameleo chameleon revealing epith- 
elial nuclei (N).cell junction (J) 
between adjacent cells, several melan- 
osomes (Me), mitochondria (mi) and a 
Bruch membrane(B). X 15000 
Fig.9:Electron micrograph of the retinal 
pigment of epithelial cells of Chameleo 
chameleon showing a large myoid body 
(My), abundance of smooth endopla- 
smic reticulum (SER),cell junction (J) 
ucleus(N), Bruch's membrane(B) and 
outer segments (os) of photoreceptor 
surrounded by the apical processes(AP) 
of pigment epithelium. X 18000 
Fig.10:Low power electron micrograph of 
the retinal pigment epithelial cells of 
Eumeces schendrii revealing nuclei(N) 
of epithelial layer,cell junction (J) 
between adjacent cells, Golgi apparatus 
(Ga)lipid droplet(L) in the basal 
region,and phagosomes  (ph).Several 
melanosomes (Me), containing 
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lipid droplets. In Eumeces schneiderii and 
Chameleo chameleon are diurnal reptiles 
have infrequent fine lipid droplets .The 
pigment epithelium of Cerastes cerastes, 
which has both nocturnal and diurnal 
habitat ,occupies a middle position in the 
fine structure of their lipid droplets , which 
are represented by one large droplet in each 
cell. Although the actual function of lipid 
droplets in different animal species is still 
uncertain (Breaekevelt and Richardson, 
1996),some authors suggested that these 
droplets could be storage areas for vitamin 
A or related compounds (Young and Bok, 
1970;Kuwabara, 1979). 

Myoid bodies, which appear as stacks 
of smooth surfaced membranes were 
detected within the retinal pigment epith- 
elial cells of both Chameleo chameleon and 
Eumeces schneiderii (diurnal lizards). They 
were not found in the other two species 


Discussion 

The present work shows certain 
common features in the ultrastructure of the 
pigment epithelial cells of four different 
species of reptiles. Among these features 
was the abundance of smooth endoplasmic 
reticulum and accumulation of a large 
number of mitochondria. The prepond- 
erance of the smooth endoplasmic reticu- 
lum is very likely due to the heavy involv- 
ement of this epithelium in the production, 
storage, transport and estrification of the 
lipid precursors of the visual pigments 
(Zinn and Benjamin,1979 and Braekevelt 
and Richardson, 1996). 

Although lipid droplets were observed 
in the retinal pigment epithelium in the four 
different reptilian species ,yet their number, 
size and distribution were different .In 
Tarentola annularis a lizard with a 
nocturnal habitat ,the pigment epithelium 
contains a large number of variable size 
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Tarentola annularis (nocturnal) and 

Cerastes cerastes (with both nocturnal and 

diurnal).The present observations accomm- 

odate with those of Braekevelt (1993;and 

1994) who suggested that myoid bodies are 

not present within the retinal pigment 

epithelial cells of animal species that are 
not light adapted. The function of myoid 
bodies is uncertain although they have been 
implicated as the structures that trigger 
photomechanical movements (Porter and 
Yamada , 1960) as well as being storage 
sites for lipids prior to esterification (York 
and Dickson ,1984 & 1985).The abundance 
of mitochondria within retinal pigment 
epithelial cells which is a common feature 
in all four reptilian species is an indicative 
of the high energy requirement of these 
cells as they fulfill their several important 

functions, (Braekevelt, 1994). 

In contrast with the other three reptalian 
species, in Tarentola annularis, numerous 
phagosomes were found in the retinal 
pigment epithelium. This observation is in 
accordance with the report of Mcllwain 
(1996) who suggested that phagosomes are 
formed in the retinal pigment epithelium as 
a result of shedding of rod discs which 
occur at about daybreak in a circadian 
rhythm and continuous if the animal is kept 
in the dark. 
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دراسات بالميكروسكوب الضوئي و الميكروسكوب الاليكتروني علي الطبقة 
الطلائية الصبغية في شبكية العين في بعض الزواحف 


فيروز خطا فهمي إبراهيم خطاب -ناجي فارس -أمان زكي 
ide ee)‏ بجامعة عرن ن 


تتضمن هذه الدراسة مقارنة التركيب النسيجي و الدقيق لطبقة الطلائية 
الصبغية لشبكية العين بين أنواع مختلفة من الزواحف منها النهاري كالحرباء 
الأوروبية و أم الحيات و الليلي مثل البرص رباعي النقط, و زواحف لها نشاط ليلي و 
نهاري مثل الحية المقرنة. 

وقد أظهر الفحص بالميكروسكوب الإليكتروني وجود اختلافات دقيقة 
للتراكيب الدقيقة لشبكية هذه الزواحف,فقد تميزت الطبقة الطلائية الصبغية لشبكة 
الحرباء الأو روا بية و أم الحيات باحتوائها علي أجسام ميلويدية,بينما إختفت هذه الأجسام 
من النوعين الاخرين, ووجدت حبيبات دهنية في هذه الطبقة في الأنواع الأربعة و 
لكنها إختلفت في حجمها و عددها و توزيعها. | 

بينما إنتشرت الميتوكوندريا بكثرة في هذه الخلايا بنسب متقاربة في الأنواع 
الأربعة , و علي عكس الأنواع الآخري فقد وجدت أجسام عديدة ملتهمة في الخلايا 
الطلائية الصبغية للبرص رباعي النقط و هي ذات أحجام كبيرة. 
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